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57 ABSTRACT

A method of sampling acceleration measurements of a wheel
(10, 20, 30, 40) of a motor vehicle (1), the vehicle (1) having
a tire pressure monitoring system, and being fitted with an
electronic central unit (2), each of the wheels (10, 20, 30, 40)
including: a wheel unit (A, B, C, D) fixed to a rim (J10, J20,
J30, J40) of radius R and having at least one accelerometer,
measuring the radial acceleration F, of the wheel, and a
microprocessor; the method including the measurement, for
each wheel revolution, at given time intervals (T, ,.,emens)s
of a number (N) of radial acceleration values by the radial
accelerometer. The method proposes: that a minimum num-
ber (N) of acceleration measurements be fixed per wheel
revolution, and that the time intervals (T, ,.,oemens) DETWeeENR
two radial acceleration measurements be determined by
element of the following relation:

R
. |2
Fy

1 =
measurement
N

11 Claims, 3 Drawing Sheets
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1
METHOD OF SAMPLING ACCELERATION
MEASUREMENTS OF A MOTOR VEHICLE
WHEEL

The invention relates to a method of sampling accelera-
tion measurements of a wheel of a motor vehicle fitted with
a tire pressure monitoring system.

It is increasingly common for motor vehicles to have tire
pressure monitoring systems for safety purposes, each of
these systems having sensors mounted on each of the wheels
of the vehicle, the sensors being used for measuring param-
eters such as the pressure and/or temperature of the tires
fitted on these wheels, with the aim of informing the driver
of any abnormal variation in the measured parameter.

These monitoring systems are usually provided on one
hand with electronic modules (also called wheel units)
mounted on each wheel of the vehicle, incorporating a
microprocessor, a radio frequency (RF) transmitter and an
LF (low frequency) antenna in addition to the aforesaid
sensors, each system also on another hand having a central
unit (mounted on the vehicle) for receiving the signals sent
by the transmitters, including an electronic computer incor-
porating a radio frequency receiver connected to an antenna.

In these monitoring systems, each signal received by the
receiver of the central unit has to be associated with a data
element concerning the location of the transmitting elec-
tronic module, and consequently that of the wheel from
which this signal originated. This requirement remains pres-
ent throughout the life of the vehicle, and must therefore be
complied with even after wheel changes or, more simply,
after the reversal of the wheel positions.

A number of methods for determining the locations of
wheels on a vehicle are available at the present time. Thus,
for example, it is possible to use three low frequency (LF)
radio antennae for this purpose, located in the proximity of
the wheel units, with one of these antennae being in the
handle of the driver’s door, one in the handle of the
passenger door, and one in the handle of the trunk of the car.

The central unit sends low frequency signals to each of
these antennae in succession, in order to excite them.
According to this procedure, the electronic module mounted
on the wheel in the proximity of the excited antenna sends
an answering signal to the central unit, including an iden-
tification code of said module, so that the successive exci-
tation of the three antennae results in the location of the three
electronic modules mounted on the wheels adjacent to these
antennae, and, by deduction, the location of the fourth
module.

However, this location system is relatively costly and
complex, as it requires three LF antennae.

Another system for locating the wheels of a vehicle,
which requires no additional LF antennae, can be used in
vehicles having ABS (“AntiBlockierSystem” in German, or
Anti-lock Braking System) sensors, and consists in fitting
each wheel unit with a radial acceleration sensor.

As shown in FIG. 1, a vehicle 1, fitted with an ABS
system and a tire pressure monitoring system, includes:

for the ABS system: ABS sensors 100, 200, 300 and 400,

positioned facing each of the wheels 10, 20, 30 and 40
of the vehicle 1, measuring the rotation speed of each
of these wheels V,, Vz, V. and V,, and linked to a
central unit 2 by a CAN (“Control Area Network™, or
serial system bus) network;

for the tire pressure monitoring system: wheel units A, B,

C and D, positioned on each rim J10, J20, J30 and J40
with a radius R of the wheels 10, 20, 30 and 40,
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2

measuring the radial acceleration of these wheels and
linked by RF to the central unit 2.

The ABS sensor positioned facing the wheel identifies
each tooth of a toothed target positioned on the wheel, the
teeth being equidistant and therefore representing the angu-
lar position of the wheel at a given instant.

The wheel unit transmits, at a fixed position on the wheel,
a signal intended for the central unit.

The wheels 10, 20, 30 and 40 fitted on the same vehicle
1 do not all rotate at the same speed V,, V5, V- and V,, the
speed depending primarily on the trajectory of the vehicle 1
(for cornering in the present case), but also on the wear and
pressure of the tires, as well as on slipping effects (in braking
and/or acceleration). Consequently the initial fixed trans-
mission position of the wheel unit becomes offset for each
wheel after several wheel revolutions.

By correlating the angular position of the wheel, supplied
by the ABS sensor, with the moment when the wheel unit
transmits, the central unit 2 deduces from this the transmis-
sion position of the wheel unit during the revolution of the
wheel, as well as the front right position AVD, rear right
position ARD, front left position AVG and rear left position
ARG of the wheel units A, B, C and D. This is because the
wheel unit belongs to the wheel whose ABS sensor con-
stantly identifies the same transmission position of the wheel
unit on the wheel, the position of the ABS sensors 100, 200,
300 and 400 being fixed on the vehicle 1 and known by the
central unit 2.

Thus the wheel unit determines the pair (ABS sensor and
wheel unit) which indicates the same angular transmission
position. This location method using ABS sensors is
described in U.S. Pat. No. 6,112,587 in the name of the
present applicant.

This method of wheel location is reliable and robust, but
there is a major difficulty in ensuring that the wheel unit
always transmits at the same position on the wheel. In order
to determine this fixed transmission position, the radial
acceleration sensor of the wheel unit measures the radial
acceleration several times during one revolution of the
wheel. This is illustrated in FIG. 2. In FIG. 24, the wheel unit
A positioned on the rim J10 of the wheel 10 includes an
accelerometer (not shown) which measures the radial accel-
eration F, which it undergoes at various positions during a
wheel revolution when the wheel revolves in the direction of
rotation W, namely the positions Pi, P2, Pj, P3, Pk, P4, Pl
These measurements are preferably made at a fixed fre-
quency.

As shown in FIG. 3, the acceleration force T, measured
by the radial accelerometer of the wheel unit A is the

resultant of two radial components, namely a force ?1g,
which is the projection of gravity g in the direction of

measurement Z of the radial accelerometer, and a force F Lo

which is the projection of the centrifugal force F’w in the
same direction of measurement Z of the radial accelerometer
A, as shown below:

?lzﬁlg-"ﬁlv

It should be noted that the projection of the centrifugal
force in the direction of measurement 7Z of the radial
accelerometer is equal to the centrifugal force itself, since
this direction of measurement Z is radial with respect to the
wheel, and the centrifugal force is exerted radially at the
wheel. Therefore,

F=F,
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The value of the projection of gravity in the direction of
measurement of the radial accelerometer at the instant t is
expressed as follows:

F (=g 'sin(w(2)1) &
where:

g represents the gravitational constant, which is a vertical

downward vector with a value of -9.81 m/s?,

w(t) is the angular rotation speed of the radial acceler-

ometer at the instant t, and

t is the unit of time in seconds.

The value of the centrifugal force is expressed as follows:

F(=Rw(y @
where R is the distance between the accelerometer and the
axis of rotation of the wheel, in other words the radius of the
rim.

Therefore,
Fi(1) = g -sin(w(r) - 1) + R-w(z)? 3)
and:
R @
w(t) = R_P

where v(t) is the linear speed of the vehicle, R, being the
radius of the wheel including the tire.

The curve of radial acceleration F,(t) as a function of time
is therefore a sinusoid (see FIG. 25) whose maximum MAX
and minimum MIN points correspond, respectively, to the
position of the accelerometer at the bottom of the rim in
position P3 and at the top of the rim in position P1. Clearly,
the minimum and maximum values of radial acceleration in
positions P1 and P3 are not fixed, but depend on the rotation
speed of the wheel, and therefore this minimum and maxi-
mum can only be determined locally at each wheel revolu-
tion, and not absolutely with respect to thresholds with fixed
values.

A method of digital processing of these radial acceleration
measurements by the wheel unit, not detailed here but
known to those skilled in the art, can be used to determine
the minimum value MIN of the radial acceleration and
consequently the passage of the accelerometer through the
position P1, and/or the maximum value MAX of radial
acceleration and consequently the passage of the acceler-
ometer through the position P3.

On the basis of these radial acceleration measurement
data F,, it is therefore possible, by using appropriate digital
processing, to discover the passage of the wheel unit through
the positions P1 and/or P3 on the wheel. On completion of
this digital processing, the wheel unit 2 can then transmit a
signal, at these determined fixed positions (or at slightly
offset positions, due to the time taken by the digital pro-
cessing, as explained below), to the central unit.

It should be noted that the processing of the radial
acceleration measurements used to determine these posi-
tions is not immediate, and consequently there is a (pro-
cessing) time between the determination of the transmission
position and the transmission of the signal by the wheel unit.
The fixed transmission position is therefore located imme-
diately after each determined position, in the direction of
rotation of the wheel.

Clearly, the accuracy of the determination of the fixed
transmission position of the wheel unit can be improved, and
the aforementioned digital processing time can be reduced,
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by multiplying the acceleration measurements; however, the
life of the battery supplying the wheel unit will be shortened
accordingly.

However, if a sufficiently long time interval is provided
between two radial acceleration measurements to avoid
unnecessary demand on the battery, this time interval may
prove to be sufficient for making a minimum number of
radial acceleration measurements over one wheel revolution
at low rotation speed, or for wheels having a large rim
radius, but it may be too long for high rotation speeds or for
smaller rim radii. This is because, if this interval is too long,
the number of radial acceleration measurements over one
wheel revolution is insufficient to enable the minimum or
maximum radial acceleration, in other words the fixed
transmission positions of the wheel unit, to be determined
rapidly (in other words over one wheel revolution) and
reliably.

It is therefore inadvisable to fix a predetermined time
interval between two successive acceleration measurements
supplied by the radial accelerometer. This measurement time
varies with the rotation speed of the wheel, and consequently
with the speed of the vehicle, as well as with the radius of
the wheel rim. This is because, as the radius decreases, the
time required to complete a revolution of the wheel also
decreases, and the measurements must therefore be closer
together.

The object of the present invention is to overcome this
drawback by calculating a time interval between two suc-
cessive radial acceleration measurements which is adapted
to the rotation speed of the wheel, in order to determine the
fixed transmission position of the wheel unit on the wheel in
a reliable and rapid manner. It should be noted that one of
the objects of the invention, illustrated here, is to determine
an absolute fixed position of the radial accelerometer (in
other words, of the wheel unit) on the wheel, rather than a
relative position.

The proposed invention relates to a method of sampling
acceleration measurements of a wheel of a motor vehicle,
said vehicle having a tire pressure monitoring system, and
being fitted with an electronic central unit, each of said
wheels including:

a wheel unit fixed to a rim of radius R and having at least
one accelerometer, measuring the radial acceleration F,
of the wheel, and

a miCI‘OpI‘OCGSSOI‘,

said method including the measurement, for each wheel
revolution, at given time intervals (T,,. . emens)s ©f @ NUM-
ber (N) of radial acceleration values by the radial acceler-
ometer, and the method according to the invention consists
in:

fixing a minimum number (N) of acceleration measure-
ments per wheel revolution, and

determining the time intervals (T, ... emen) DEtWeeEN tWO
radial acceleration measurements, by means of the
following relation:

1 =
measurement
N
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In one embodiment, the accelerometer is a radial accel-
erometer.

In different embodiments,

for a given rim radius (R), the number of acceleration

measurements per wheel revolution (N) is fixed at 15,
and

for an estimated rim radius (R), the number of accelera-

tion measurements per wheel revolution (N) is greater
than 15.

The invention also proposes that the acceleration mea-
surements be filtered by means of a high-pass and/or a
low-pass filter, so as to eliminate measurements arising from
parasitic noise and to eliminate the continuous component of
the acceleration, in other words the centrifugal force F (t)
=R-w(t)?, thereby improving the processing on the shape of
the signal transmitted by the accelerometer, in other words
on the curve representing the value of the projection of
gravity in the direction of measurement of the radial accel-
erometer, i.e. F, (t)=g-sin(w(t)t).

The invention also relates to the device for applying the
acceleration measurement sampling method as described
above.

Other objects, characteristics and advantages of the inven-
tion will be discovered by reading the following detailed
description, provided by way of example and without
restrictive intent, with reference to the attached drawings, in
which:

FIG. 1, explained above, is a schematic representation of
the tire pressure monitoring system of a vehicle fitted with
an ABS system, according to the prior art,

FIG. 2 (2a and 2b), explained above, illustrates the
sampling of the radial acceleration measurements for the
purpose of determining a fixed transmission position of the
wheel unit, according to the prior art,

FIG. 3, explained above, illustrates the resolution of
forces acting on the radial accelerometer according to the
prior art.

It is known that the value of the radial acceleration F,
measured by the radial accelerometer is given by the equa-
tion

F(O)=gsin(w(t)D)+R-w(z)? 3)

Since the expression g-sin(w(t)-t) of the formula (3) varies
from +9.81 to —9.81 m/s>, because sin(w(t)-t) varies from —1
to +1, the invention proposes that the value of this expres-
sion be disregarded in favor of the centrifugal force which,
for its part, is proportional to the square of the linear speed
of'the vehicle. Expression (3) may therefore be simplified to:

®

During one wheel revolution, the angular speed is calcu-
lated by:

F(O)=R-w(z?

©

where T is equal to the time for completing one wheel
revolution.
Expression (6) then becomes:

10

20

25

30

35

40

45

50

55

60

6

where F, is the value of the acceleration measured by the
radial accelerometer A over one wheel revolution.

The time T required to complete one wheel revolution
becomes:

T:z.]—wg

Thus the time T taken for one wheel revolution is given
as a function of the value of acceleration F, for one wheel
revolution, measured by the radial accelerometer, and also as
a function of the radius of the rim R.

According to the invention, if N acceleration measure-
ments are to be performed per wheel revolution, the time

interval T,,_...romen, PETWEEN tWO measurements will there-
fore be:
7 0
2. | | R
F
Tmeaxuremem = #

Thus, owing to the invention, it is possible, after the
number of radial acceleration measurements N has been
fixed, to determine the time between two radial acceleration
measurements according to the rim radius of the wheel R
and according to the speed of the wheel (in other words,
according to the radial acceleration F)).

The advantage of the invention is therefore that the time
interval between two measurements T, .. .. . can be
varied, for example between the positions Pj and P3 (see
FIG. 3), as a function of the external conditions such as the
radius of the rim R or the vehicle speed. The method of
sampling acceleration measurements can be used to main-
tain a predetermined number N which is considered to be
sufficient to find, on each wheel revolution, the maximum
value MAX and the minimum value MIN of radial accel-
eration, such that the wheel unit can always transmit at the
same fixed position on the wheel.

Clearly, the radial acceleration measurements may be
filtered (with a high-pass or low-pass filter) to avoid para-
sitic measurements caused, for example, by the sudden
slipping of a tire, by vibrations caused by the wheel surface,
or by vibrations caused by the wheel axle.

Looking at FIG. 2b, it may appear that four radial accel-
eration measurements per wheel revolution would be suffi-
cient to determine the maximum and minimum values of
radial acceleration, in other words the positions P1 and P3.
However, it is evidently impossible to determine these
values by measuring the radial acceleration, for example,
only at positions Pi, Pj, Pk and Pl. Furthermore, FIG. 25 has
been simplified with the aim of explaining the invention, and
the actual curve representing the radial acceleration mea-
surements over one wheel revolution is affected by noise and
includes a number of local maxima and minima which must
be distinguished from the absolute minimum and maximum
which truly correspond to the positions P1 and P3. The
number of radial acceleration measurements required to
determine the positions P1 and P3 is therefore generally
greater than four.

In our example, for a rim radius of 15 inches and a wheel
rotation frequency of 3 to 20 Hz, the number N of accel-
eration measurements is fixed at 15. For a rim radius which
is estimated and not known, the number of acceleration
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measurements N is greater than 15. Clearly, for a type of
vehicle sold with more than one possible rim radius, the
digital processing is designed to tolerate variations in the
number of radial acceleration measurements N (in other
words the number of samples) per wheel revolution, which
may be as much as 30% (in other words, N may be equal to
10 instead of 15).

The determination of N is crucial. It may be empirical, or
may depend on the capacity for processing the signal from
the wheel unit; this is because, since the wheel unit must be
able to determine rapidly the position(s) corresponding to
the maximum and/or to the minimum of the radial accel-
eration, the quantity of data, in other words the number of
acceleration measurements N to be processed, must be
limited.

Clearly, the invention is not limited to the embodiment
described and illustrated, which has been provided solely by
way of example. In our example, the purpose of the sam-
pling method is to determine a fixed transmission position of
the wheel unit, but it may also be used to determine other
parameters.

The invention claimed is:
1. A method of sampling acceleration measurements of a
wheel (10, 20, 30, 40) of a motor vehicle (1), said vehicle (1)
having a tire pressure monitoring system and being fitted
with an electronic central unit (2), each of said wheels (10,
20, 30, 40) including:
awheel unit (A, B, C, D) fixed to arim (J10, J20, J30, J40)
of radius R and having at least one accelerometer,
measuring the radial acceleration F, of the wheel, and
a microprocessor,

said method comprising:

measuring, for each wheel revolution, at given time
intervals (T,,..cremens)s @ Mumber (N) of radial accel-
eration values by the accelerometer;

fixing a minimum number (N) of acceleration measure-

ments per wheel revolution;

determining the time intervals (T,,. . ,oemen:) DEtWeEEN tWO

radial acceleration measurements, using the following
relation:

\/T
e
Toneasuremens = ———3
N
instructing the accelerometer to make the radial accelera-
tion measurements at the determined time intervals
(Tmeasurement); and
the wheel unit receiving and processing the radial accel-
eration measurements and sending the processed radial
acceleration measurements to the electronic central
unit.
2. The location method as claimed in claim 1, wherein the
accelerometer is a radial accelerometer.
3. The location method as claimed in claim 1, wherein, for
a given rim radius (R), the number of acceleration measure-
ments per wheel revolution (N) is fixed at 15.

10

15

20

25

30

35

40

45

50

55

8

4. The location method as claimed in claim 1, wherein, for
an estimated rim radius (R), the number of acceleration
measurements per wheel revolution (N) is greater than 15.

5. The location method as claimed in claim 1, wherein the
acceleration measurements are filtered, by a high-pass and/
or a low-pass filter, in order to eliminate the measurements
caused by parasitic noise.

6. A device for sampling acceleration measurements of a
wheel (10, 20, 30, 40) of a motor vehicle (1), said vehicle (1)
having a tire pressure monitoring system, and being fitted
with an electronic central unit (2), each of said wheels
including:

a wheel unit (A, B, C, D) fixed to a rim (J10, J20, J30, J40)
of radius R and having at least one accelerometer,
measuring radial acceleration F; of the wheel, and a
MiCroprocessot,

the accelerometer being configured to measure, for each
wheel revolution, at given time intervals (T, ,....omens)
a number (N) of radial acceleration values by the
accelerometer;

said device comprising:

means for fixing a minimum number (N) of acceleration
measurements per wheel revolution; and

means for determining time intervals (T, .. emens)
between two radial acceleration measurements, using
the following relation:

o |
F

Tmeaxuremem = Ts

wherein the accelerometer makes the radial acceleration
measurements at the determined time intervals (T,,. -
surement) from the means for determining time intervals;
and

wherein the wheel unit receives and processes the radial

acceleration measurements from the accelerometer and
sends the processed radial acceleration measurements
to the electronic central unit.

7. The location method as claimed in claim 2, wherein, for
a given rim radius (R), the number of acceleration measure-
ments per wheel revolution (N) is fixed at 15.

8. The location method as claimed in claim 2, wherein, for
an estimated rim radius (R), the number of acceleration
measurements per wheel revolution (N) is greater than 15.

9. The location method as claimed in claim 2, wherein the
acceleration measurements are filtered, by a high-pass and/
or a low-pass filter, in order to eliminate the measurements
caused by parasitic noise.

10. The location method as claimed in claim 3, wherein
the acceleration measurements are filtered, by a high-pass
and/or a low-pass filter, in order to eliminate the measure-
ments caused by parasitic noise.

11. The location method as claimed in claim 4, wherein
the acceleration measurements are filtered, by a high-pass
and/or a low-pass filter, in order to eliminate the measure-
ments caused by parasitic noise.
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